Likelihood Inference In Parallel Systems Regression Models With Censored Data by S.M.Baklizi, Ayman
 
 
 
 
 
 
UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
LIKELIHOOD INFERENCE IN PARALLEL SYSTEMS 
REGRESSION MODELS WITH 
CENSORED DATA 
 
 
 
 
 
AYMAN. S. M. BAKLIZI 
 
 
 
 
 
FSAS 1997 3 
LIKELIHOOD INFERENCE IN PARALLEL SYSTEMS 
REGRESSION MODELS WITH 
CENSORED DATA 
BY 
A YMAN. S. M. BAKLIZI 
Dissertation Submitted in Fulfillment of the Requirements for 
the Degree of Doctor of Philosophy in the Faculty of 
Science and Environmental Studies, 
Universiti Putra Malaysia 
July 1997 
TO MY PARENTS 
11 
ACKNOWLEDGEMENTS 
Firstly, praise be to God, for giving me the strength and patience to complete 
this work. I would like to thank my supervisor Assoc . Prof. Dr . Isa Daud for his 
exc ellent supervision ,  invaluable guidance, helpful discussions and continuous 
encouragement, without which this work could not be finished. My thanks also to 
the members of my supervisory committee, Assoc . Prof . Dr . Mat Yusoff bin 
Abdullah, and Dr . Noor Akma Ibrahim for their invaluable discussions, comments, 
and help. 
My thanks to Assoc. Prof. Dr . Harun bin Budin . His help and continuos 
encouragement are highly appreciated. 
I wish also to express my thanks to all my friends in Malaysia and Jordan.  In 
particular I would like to thank my dear friend Mohammed Saleh for his continuous 
help, encour agement, and support . 
Financial support was provided by the Public S ervices of Malaysi a (JP A), 
which is highly appreciated and gratefully acknowledged. 
111 
TABLE OF CONTENTS 
ACKN OWLEDGEM ENTS......... ... . .... . ... . ..... . . . . . ... . ... ...... ... .. .... 111 
LIST OF TABLES . . . . . ....... . . ...... .... . ....... ..................... ........ .... Vln 
LIST OF FIGURES........................................... . ... . . .... . .......... xv 
ABSTRACT ..... ..... . .......... ... . .. ... . ....... .... ................. ...... .. . ..... XVI 11 
ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XXI 
CHAPTER 
I INTRODUC TION 1 
General Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 
Chapter Overview . '" . .  , . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . 4 
Some Key Words and Definitions . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Statistical Inference . . .......... . ...... . ........ . .......... . . ...... 5 
Parametric Regression Models.. ..... ...... . . . ... ................. 7 
Accelerated Testing..... ....... ........ ... .............. . ........... 7 
Censored Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . 8 
The Likelihood ... ... . . .... . .... ... " . .  , . . .  , . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  9 
Asymptotics in Statistics........ ..... .......... ..... . ..... . ......... 1 2 
Simulation in Statistics..... ..... . ... ... ..... . .. . .................... 1 2 
The Problem ........ .... . .. . ... .. . . .. . . ... . .. . . . . . . . . .. .. . . .... . ....... .... 13 
Purpose and Scope of the Thesis . .... ............... . ................... 14 
II THE M ODEL OF PARALLEL SYSTEM S AN D  RELATED 
LITERATURE. . .  . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . .  . . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . .  1 7 
Chapter Overview . ............. " . . . . . . . . . .  " . .  , . " . . .  . . . .  . .  . . .  . . .  . . .  . .. . . 1 7  
Parallel Systems..... .... ......... . ... ... . ....... ................... . .... ... 1 7  
Applications and Examples of  Parallel Systems . ... ....... ..... ... ...... 1 8  
Applications and Examples from Industry. . ............. . . . . . . . .  . . .  1 8  
Applications and Examples from Medicine.. . . . . .  . . . . . . . . . . .  . .  . . . 1 9 
iv 
Parallel Systems and Nomination Samples . . . , . . .  , . . .  .. . . . .  ..... . . . .. . . .  20 
Parallel Systems and (k out ofn) Structures . . . . . . . . . . . . . .  . . . . . . ..... . . . .. 20 
Parallel Systems with Exponential Components and its Extension 
to Regression Models. . . . .. . . . . . . . ..... . . . . . . . . . . . . . . . . .. . .. . .. . . .... . . . . . . . . . . . . . . . . . .  2 1  
An Overview of  the Exponential Distribution . . . . . . . . . . . . . . . . . . . 2 1  
Parallel Systems with Exponential Components. . . . . .. . .... . ... 26 
Extension to Regression Models . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
Inference in Parallel Systems with Exponential Components . . . . . . . 30 
III MAXIMUM LIKELIHOOD ESTIMATION IN PARALLEL 
SYSTEMS REGRESSION MODELS.............................. 38 
Chapter Overview. . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .... . ... . . . .. . . . . . . . .  38 
Maximum Likelihood Estimation . . . . . . . . . . .  . . . . . .  . . .  . . . . . .  . . . . . . . . 38 
Computation of the Maximum Likelihood Estimator. . . . . . . .  . . . .  42 
Maximum Likelihood Estimation in Parallel Systems Regression 
Models with Exponential Components . . . . . . . .. . . . . .. 44 
Existence and Uniqueness of the Maximum Likelihood 
Estimator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 
Finite Sample Performance of the Maximum Likelihood 
Estimator.... . . . . .. . .. . .. . . . . . . ..... . . . . . .. . . ..... . . . . . . . . . . . . .. . . .... . . . ..... .. . . . . . . . . . . . ... . .  50 
The Simulation Design. . . . .  . .. .. . . .. . . . .  . . .  . .  . . .  . . .  . . . . . .  . . . .  . .  . . .  . . 5 1  
Sample Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
Estimation of Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  
Analysis. . . .. . . . . . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  54 
Results and the Simulation Algorithm. . . . . . . . . . . . . . . . . . .. . . . . . . . .  55 
Findings...... . . . . . .. . .. . . . . . . . . .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Conclusions . . ... . . .... .. . .. . . . ... ..... . . . . . . . . . . . . .. . . . . . ... . ... . . . .. . .. . .. . . . .. . . . . . . ... . . . . " 68 
IV TESTING HYPOTHESES IN PARALLEL SYSTEMS 
REGRESSION MODELS..... ... . .. . . . . .. . . . . . . . .. . . .... . . . . . . . . . . . . . . . . . . . . 70 
Chapter Overview . . .. . . . . . . . . . . . . . . ... . . . . . . . . . . . . . .... . . . . .  . . . .  . . . . . . . . .  70 
Testing Hypotheses for Censored Data . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Large Sample Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  
Testing Hypotheses in the Parallel Systems Regression Models 
with Censored Data. . ... . . . . . . . . .. . . . ... . . . . .. . ... ..... ..... . . ..... ....... ...... . . . . . . . . . . . 76 
Testing Hypotheses for the Parameter Vector..... .. . . . . . . . . . . . . . .  76 
Testing Hypotheses for the Intercept Parameter. . . . . . . . . .  . . .  . . .  . . 77 
Testing Hypotheses for the Slope Parameter. . . ... .. . . . . . . . . . . . . .. . 78 
v 
Finite Sample Perfonnance of Hypotheses Testing Statistics for 
the Intercept and the Slope Parameters . . . .. . .. . . . . .  '" .......... , . .. . .. . . 79 
The Simulation Design . . ... . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . .  79 
Sample Generation.. . ..... . .. . . . ... . ....................... . . . . . .... . . . . . .  ..... . . .. 8 0 
Parameter Estimation . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . .  " . " . .. . ... .. 8 0 
Analysis ............................................................. 81 
Results and the Simu lation Algorithm... . .. . . . . . . . . . . . . . . . . . . . . . . . 82 
Perfonnance and Comparison of Tests. . . . . . . . . . . .. . . . . . . . . . . . . . . .  96 
Finite Sample Perfonnance of Hypotheses Testing Statistics for 
the Regression Parameter Vector. . .. . . . .... . . .  ................ .................. . ... 100  
The Simulation Design . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 10 0  
Sample Generation ............................................................... " 101 
Parameter Estimation ... . . " .. , .......... " . .. . . . . . . . . . . .. . . . . . . . ... 101 
Analysis ............................................................. 1 02 
Results and the Simulation Algorithm. . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Perfonnance and Comparison of Tests . . . .  ...................... 125 
Conclusions . . . . . .. . . . .. . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  130 
V ASYMPTOTIC INTERV AL ESTIMATION IN PARALLEL 
SYSTEMS REGRESSION MODELS . .  ........ . .... ........ .............. 132 
Chapter Overview . . . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 
Large Sample Confidence Intervals . . . . . . . . . .. . . . . . . . . . . . .. . . . . .. .  ..... 132 
Confidence Intervals for the Parameters of the Regression Model 
Based on Parallel Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 
Interv als Based on the Wald Statistic . . . . . . . . . . . . . . . . . .. . . . . . . . .  137 
Intervals B ased on the Rao Statistic . . . . . .. . . . . . . . . . . .. . . . . .. . ... 138 
Intervals Based on the Likelihood Ratio Statistic . . . . . . . . . . . . . .  138 
Finite Sample Perfonnance of Confidence Intervals . .  ......... ..... 139 
The Simulaton Design . . . . . . . .  ................................. .... 141 
Sample Generation . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . ... . .  141 
Parameter Estimation . . . . . . . . . . . .................................... 142 
Analysis . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 
Results and the Simulation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . .. 144 
Perfonnance of Intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170 
Comparison of Intervals . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . .  178 
vi 
VI CORRECTED LIKELIHOOD RATIO STATISTICS FOR 
PARALLEL SYSTEMS REGRESSION MODELS . . . . . . . . . . . .. 180 
Chapter Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 80 
The Likelihood Ratio Statistic and its Corrections . . . .. . . . . . . . . . . . . .  1 80 
Interval Estimation Based on the Corrected Likelihood Ratio 
Statistics . . . . . . . . .... .. . ... .......... ............ ... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 85 
The Correction Factor s and Interval Estimation in Parallel 
Systems Regression Models. . ..... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .  . . . . .  1 8 7  
Intervals Based on the Mean and Variance Correction to 
the Signed Square Root of the Likelihood Ratio Statistic.. . . .. 1 90 
Intervals Based on the Bartlett Correction to the 
Likelihood Ratio Statistic..... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 1  
Finite Sample Perfonnance of the Corrected Intervals ....... '" . . . . . . .  1 92 
The Simulation Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 92 
Sample Generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 93 
Parameter Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 94 
Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 195 
Results and the Simulation Design... . . .. . ... . . . .. . . . . .. . . . . . . . .. . . . .  . . .  1 96 
Perfonnance of Intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  222 
Comparison of Intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  226 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227 
VII CONCLUSIONS AND SUGGESTIONS FOR FURTHER 
RESEARCH . . . . ... . . . . .. . . . . . . .... . . . . .. .... . . . . . .. . . . . . . . . . . . . . . . . . . . .. 229 
Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229 
Suggestions for Further Research . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 233 
BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... . . . . . . . . . ... 235 
APPENDICES . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 
A The Log-Likelihood Function and Its Derivatives . . . . . . . . . . . . . . . . . . . 246 
B The Inversion Technique for Generating Continuous Random 
Variables... . . . . .... . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . .  . . .  250 
C Computer Programs. . ... . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . .  . . . . . . . . . .  . . . . . .  252 
VITAE . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  308 
Vll 
List of Tables 
Table Page 
1 Summary Statistics Concerning the Maximum Likelihood 
Estimator When m = 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61  
2 Summary Statistics Concerning the Maximum Likelihood 
Estimator When m = 3 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
3 Summary Statistics Concerning the Maximum Likelihood 
Estimator When m = 4 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
4 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing Ho:f3o = 0 vs HJ :f3o:;t: O. a = 0.05, m = 2 .  . . . .. . . .  89 
5 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing Ho:f3o = 0 vs HJ :f3o:;t: O. a = 0.05, m = 3. . . . . . . . .  89 
6 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing Ho:f3o = 0 vs HJ :f3o :;t: o. a = 0.05, m = 4. . . . . . . . . .  90 
7 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing Ho:f3\ = 0 vs H\:f3\:;t: O. a = 0.05, m = 2. . . . . . . . . .  90 
8 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing Ho:f3J = 0 vs HJ:f3J:;t: O. a = 0.05, m = 3. . . . . . . . . .  91 
9 Sizes of the Wald, Rao, and the Likelihood Ratio Statistic for 
Testing H 0: f3I = 0 vs HI: f3I :;t: O. a = 0.05, m = 4. . . . . . .  . . .  91 
10 Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H 0: f30 = 0 vs HI: f30 :;t: o. a = 0.05. n = 27 . . . . . . . . . . 92 
11 Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H 0: f3I = 0 vs HI: f3I :;t: O. a = 0.05. n = 27 . .. . . . . . . . .  93 
12 Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H 0: f30 = 0 vs HI: 130 :;t: O. a = 0.05. n = 54. . . . . . . . . .  94 
13 Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H 0: f31 = 0 vs HI: 131 :;t: O. a = 0.05. n = 54.. . . . . . . . . .  95 
Vlll 
14 
15 
16 
17 
18 
19 
2 0 
21 
Sizes of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,PI) = ( 0,0) vs H1:(Po,PI)-:f-(0,0). m=2 ...... " 
Sizes of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,PI) = ( 0,0) vs HI :(PO,PI) -:f- ( 0,0). m = 3 ...... . 
Sizes of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H o:(Po ,/31) = ( 0,0) vs HI :(Po ,PI) -:f- ( 0,0). m = 4 ...... " 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,PI) = ( 0,0) vs HI:(f3o,/JI) -:f- ( 0,0)' a = 0.05 
m = 2, cp = 0.0. n = 27 .................................................. .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho: (Pa 'PI) = ( 0,0) vs HI :(PO,PI) -:f- (0,0). a = 0.05 
m = 2, cp = 0.1. n = 27 .................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,PJ) = ( 0,0) vs HJ:(Po,PJ) -:f- ( 0,0). a = 0.05 
m = 2, cp = 0.3. n = 27 .................................................. .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ha:(Pa,f3I) = ( 0,0) vs HI:(Pa,f3J) -:f- (0,0). a = 0.05 
m = 2, cp = 0.5. n = 27 ................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ha:(Po,PI) = (0,0) VS HI :(Po ,P I) =f:. (0,0). a = 0.05 
m = 3, cp = o. O. n = 27 ................................................... . 
22 Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Pa,/3J) = ( 0,0) vs HI:(Pa,/31) -:f- ( 0,0). a = 0.05 
23 
24 
25 
m = 3, cp = 0.1. n = 27 ................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Pa'PI) = ( 0,0) vs HJ:(Pa,pJ) -:f- (0,0). a = 0.05 
m = 3, cp = 0.3. n = 27 .................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ha:(Po,/31) = ( 0,0) vs HJ:(Pa,pJ) -:f- ( 0,0). a = 0.05 
m = 3, cp = 0.5. n =27 ..................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ha:(Pa,pJ) = ( 0,0) vs HJ:(Pa'PI) -:f- ( 0,0). a = 0.05 
m = 4, cp = 0.0. n =27 .................................................... . 
ix 
110 
III 
112 
113 
113 
114 
114 
115 
115 
116 
116 
117 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
Powers of th e Wald , Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI:(f3o,f3I) =t (0,0). a = 0.05 
m = 4, cp = 0.1. n =27 ............................... ' "  . . . ... . . . ......... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI:(f3o,f3I) =t: (0,0). a = 0.05 
m = 4, cp = 0.3. n = 27 ................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f30,/31) = (0,0) vs HI:(f3o,f3I) =t: (0,0). a = 0.05 
m = 4, cp = 0.5. n =27 ..................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI :(f3o,f3J =t: (0,0). a = 0.05 
m = 2, cp = 0.0. n = 54 .................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI :(f30,f31) =t: (0,0). a = 0.05 
m = 2, cp-= 0.1. n = 54 .................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs H1:(f3o,f3I) =t: (0,0). a = 0.05 
m = 2, cp = 0.3. n = 54 ................................................... .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs H\:(f3o,f3I) =t: (0,0). a = 0.05 
m = 2, cp = 0.5. n = 54 ........... ........... ' "  ........................ , .. . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI:(f3o,f3I) =t: (0,0). a = 0.05 
m = 3, cp = 0.0. n = 54 .................................................. .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI:(f3o,f3I) =t: (0,0). a = 0.05 
m = 3, cp = 0.1. n = 54 ................................................... . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f3o,f3I) = (0,0) vs HI :(f30,f31) =t: (0,0). a = 0.05 
m = 3, cp = 0.3. n = 54 ................................................... .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing H 0:(/30,/31) = (0,0) vs HJ :(f30 ,f3I) =t: (0,0). a = 0.05 
m = 3, cp = 0.5. n =54 ..................................................... . 
x 
117 
118 
118 
119 
119 
12 0 
120 
121 
121 
122 
122 
37 
38 
39 
4 0 
41 
42 
43 
44 
45 
46 
47 
48 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(f30,/3,) =( 0 , 0) vs H,:(fJo,fJ,):f.(O,O). a=0.05 
m = 4, cp = 0.0. n =54 .......... ............................. . ............. . 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,Pt) = ( 0,0) vs H, :(PO,PI) * ( 0,0). a = 0.05 
m = 4, cp = 0.1. n =54 .................................................... .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po,PI) = ( 0,0) vs H1:(fJo,PI) * (0,0). a = 0.05 
m = 4, cp = 0.3. n = 54 ................................................... .. 
Powers of the Wald, Rao, and the Likelihood Ratio Statistics for 
Testing Ho:(Po'p,)=(O,O) vs Ht:(Po,Pt) * (0, 0). a= 0.05 
m = 4, cp = 0.5. n =54 ................................................... .. 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =2, a = 0.01. 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =2. a = 0.05 ... ... ... ... ...... ...... ... ... ... ... ... .. .. 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept. m =2. a = 0.1 ...... ... ... ... ...... ... ... ... ... ...... ..... . 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope. m =2, a = 0.01 ... ...... ... ... ... ... ... ...... ... ... ... ... ..... . 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope. m = 2, a = 0.05 ...... ... ...... ............ ... ... ... ... ....... .. 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope. m =2, a = 0.1 ... ... ...... ... ... ... ... ... ... ... ......... ' "  ... . 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =3, a = 0.01 ...... ... ...... ...... . , .... .. . ... . , . ... ... . 
Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =3, a = 0.05 ... ...... ... ...... ...... ...... ...... ...... . 
xi 
123 
123 
124 
124 
152 
153 
154 
155 
156 
157 
158 
159 
49 Lower, Upper, and Total Error Probabilities of Intervals B ased on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =3, a = 0.1 ... . ..... . , . ... ... ... .. , ... ... ... ... .. , ...... 160 
50 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistic s, Parameter of 
Interest: Slope, m =3, a = 0.01 ... ..... , '" ... ...... ... ... ... ...... ...... . , . .. , 161 
51 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope, m =3, a = 0.05 ... ... ... ... ... ... .. , ... ... ... ... ... ... ... ... ... 162 
52 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistic s, Parameter of 
Interest: Slope, m =3, a = 0.1 ..... , ... ... ... ... ... ... ... ... ... .. , ... ... ... ..... 163 
53 Lower, Upper, and Total Error Probabilities  of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =4, a = 0.01 ... .. , ... ... .. , '" .. , '" ... ... ... ... ... .... 164 
54 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =4, a = 0.05 ... ... '" ...... ... '" ... ... ... ... .. , '" .... 165 
55 Lower, Upper, and Total Error Probabilities  of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Intercept, m =4, a = 0.1 ... ..... , ... ... ... ... ... ... . ,. '" '" ... ... ... 166 
56 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope, m =4, a = 0.01 ......... ............ . , . .. , ... ... ... ... .. , ... ... 167 
57 Lower, Upper, and Total Error Probabilities of Intervals B ased on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope, m =4, a = 0.05 ... . , . .. , ... ... ... . ,. '" '" ... ... . , . .. , ... . ,. ... 168 
58 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Wald, Rao, and Likelihood Ratio Statistics, Parameter of 
Interest: Slope, m =4, a = 0.1 ... ...... ......... . .. ...... ... . .. ... .. , ... ... ..... 169 
59 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic , Parameter of Interest: Intercept, 
m=2, a=O.Ol ...... ... ... ........ . ... ...... . ..... ... ... ... ............ ... ... ... . .. 204 
60 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic , Parameter of Interest: Intercept, 
m = 2, a = 0.05 ... . .. ... ... ... ... . , .... '" ., . ... ... .. , ... ... . ..... ... ... . ,. ... ..... 205 
xii 
61  Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m = 2, a = 0.1 ... ... ... ... '" . . .  '" . .  , . . . . .  , . . . .. , . . . . .  , . . .  . . .  . .. . . .  . . .  . . .  . . .  . . .  . . . .  206 
62 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 2, a =0.01... ... ... ... ... ...... ... ... ...... ...... ... ... ... ... ... ... ... ... ..... 207 
63 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 2, a = 0.05 ... ... ... ... ... ... ... . ,. . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  208 
64 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 2, a=O.l ... ... ...... ... ... ... ... ... ... . .. ...... ... ... ... ... ... ... ... ... .. . .... 209 
65 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m =3, a=0.01 .. . . . . ... . . . ... . . . . .. . . . .. . . .. ... . .. ... . .. .. . . .. .. . . .. . . . . .. ... ...... 210 
66 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m =3, a=0.05 ... .. . ... .. . ...... ... ...... .. . ... ... ... ... ... ... ......... ... ... ...... 211 
67 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m ==3, a =0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 12 
68 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m == 3, a = 0.01... ... ... ... ... ... ... ...... ... ... ... ... ... ... ... ... ... ... ... ... ...... 213 
69 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 214 
m == 3, a=0.05 ... ... ... ... ... ... ... ... ... ... ... ...... ...... ... ... ... ... ... ... .... .. 
70 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 3, a = 0.1 ... ... .. , . . . . .  , . . . . .  , . .  , .. . . . . . . . . . . .. , . . .  . . .  . . .  ... . . .  . . .  . . .  . . .  . . .  . . . .  215 
xiii 
71 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m = 4, a = 0.01 . . . ... . , . . . . . . . . . . . , . . . . . , . . . . . . . . . . . . . . . . . , . . . . . , . . . . . , . . . . . , .  . . . . .. 2 1 6 
72 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m = 4, a = 0.05 ... ..... . .. . ... .. . ... ... .  , . . . . . . . . . . . .. . . . ... . . . ... .. . . . . . . . . ,. . . ... . 2 1 7 
73 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Intercept, 
m = 4, a = 0.1 ... ... ... .. . ... . . . ... .. . . .. '" . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .. 2 1 8  
74 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 4, a = 0.01 ... ... .. , ... . .  , . . . . . . . .. . .  , . . . . .  , . . . . . . . . . .. , . . . .. , . . . . . . . . . . .  , .. . . .  2 1 9 
75 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 4, a = 0.05 . . . . .. .. , ... .. , ... . .  , . . . . .  , . . . . .  , . .. . .  , . . . .. . . . . . .  , . . . . .  , .. . . . .  . . . . . .  220 
76 Lower, Upper, and Total Error Probabilities of Intervals Based on 
the Bartlett Correction and the Mean and Variance Correction to 
the Likelihood Ratio Statistic, Parameter of Interest: Slope, 
m = 4, a = 0.1 . . . . . . . . . . , . . . . .  , . . . . . , . . . . .  , . . . . . , . . . . . . . . . . . , . . . . . .. . . . .. . . .. .  ,. .. . .  22 1 
XIV 
LIST OF FIGURES 
FIGURE 
1 Relation between the bias of the intercept estimator and the sample size 
Page 
when m=2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
2 Relation between the bias of the slope estimator and the sample size 
when m =2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
3 Finite sample variance and asymptotic variance of the intercept 
estimator when m=2 and cp=O.O. . . . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . . . .  . . . . . . . . . . . . .  . . .  65 
4 Finite sample variance and asymptotic variance of the intercept 
estimator when m=2 and cp=0.5 . . . . . . . . . . . . . . . . .  " . . . .  , . . .  , . " . . . . . . . .  , . . . . . . .  66 
5 Finite sample variance and asymptotic variance of the slope estimator 
when m=2 and cp=O.O. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  6 6  
6 Finite sample variance and asymptotic variance of the slop estimator 
when m=2 and cp=0.5 . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . . .  . . .  . . . .  . . . . . .  66  
7 Relation between the MSE of the intercept estimator and the sample 
size when cp=O. I . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  . . . .  . .  . . . .  . .  . . .  . . . .  67 
8 Relation between the MSE of the slope estimator and the sample size 
when cp=O. l . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
9 Relation between the MSE of the intercept estimator and the sample 
size when m=2 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
10 Relation between the MSE of the slope estimator and the sample size 
when m=2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
1 1  Power function of the likelihood ratio statistic for testing the intercept 
parameter when m=2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . .  . . . . . . . . . .  . . . .  9 7  
1 2  Power function of  the likelihood ratio statistic for testing the slope 
parameter when m=2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
1 3  Power function of the Wald, Rao, and likelihood ratio statistics for 
testing the intercept parameter when cp=O. l, m=2. . . . . . . . . . . . . . . . . . . . . . .  . . .  9 8  
14  Power function of  the Wald, Rao, and likelihood ratio statistics for 
testing the slope parameter when cp=O. I, m=2 . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  98  
15  Power function of the Wald, Rao , and likelihood ratio statistics for 
testing the intercept parameter when cp=0.5, m=2 . . . . . . . . . . . . . . . . . . . . . . .  . . .  98 
xv 
1 6  Power functio n  of the Wald, Rao, and likelihood ratio statistics for 
testing the slope parameter when cp=O.5 ,  m=2 . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  . 
1 7  Power functio n  o f  the Wald statistic for testing the intercept parameter 
when cp=0.5 . . . . . . . . .  , . " . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . " . . . . .  . 
1 8  Power function  of the Wald statistic for testing the slope parameter 
when cp=0.5 . . .. . . . . . ... .. . . . ... ... . . . ..... .. . ... . . . .. . .. ... . .. . .. . . .. . .. . .. . . ... . 
1 9  Power function  o f  the Rao statistic for testing about (PO,!]I) when 
cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
20 Power functions of the Wald, Rao, and likelihood ratio statistics for 
testing about (PO,PI) when cp=O. l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2 1  Power functions of the Wald, Rao , and likelihood ratio statistics for 
testing about (Po,pJ when cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
22 Power functio n  of the Rao statistic for testing about (PO,PI) when 
m=2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
23 Error probability ofWald intervals for the intercept term when m=2, 
a=0.05, cp=O. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
24 Error probability of Wald intervals for the intercept term when m=2, 
a=0.05, cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
25 Error probability of Wald intervals for the slope term when m=2, 
a=0.05, cp=O. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
26 Error probability ofWald intervals for the slope term when m=2, 
a=0.05, cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
27 Error probability ofRao i ntervals for the intercept term when m=2, 
a=O.05, cp=O.l ................................................................. . 
28 Error probability ofRao i ntervals for the i ntercept term when m=2, 
a=0.05, cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
29 Error probability ofRao i ntervals for the slope term when m=2, 
a=0.05, cp=O. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  . 
30 Error probability ofRao i ntervals for the slope term when m=2, 
a=0.05 , cp=0.5 .. . . . . . . . . . . .. . . . . . . . . . .. . . ..... . . . . . ... .. . . . . . . .. .. . . . . . . . . . . . . .  . 
3 1  Error probability o f  likelihood ratio intervals for the intercept term 
when m=2, a=O.05, cp=O. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  . .  
XVI 
99 
99 
99 
126 
127 
1 28 
1 29 
1 7 1  
1 7 1  
1 72 
1 72 
173 
1 74 
1 74 
1 74 
1 76 
32 Error probability of likelihood ratio intervals for the intercept term 
when m=2, a=0.05, cp=0.5 . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. .. . . . . . . . .. . . . . . . . . . . . 176 
33 Error probability of likelihood ratio intervals for the slope term when 
m=2, a=0.05, cp=O .l . . . . . . .  . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  . . . . . . 1 76 
34 Error probability of likelihood ratio intervals for the slope term when 
m=2, a=0.05, cp=O .S . . . . . . .  . .. .  . . .  . . . . .... . . .. . . . . . .  . . . . . .. .  . . . . . . .. . . . . . .. .. . . 1 77 
35 Error probability ofBLR intervals for the intercept term when m=2, 
a=0.05, cp=O .l . . . . . . . . . . .. . .  . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  223 
36 Error probability ofBLR intervals for the intercept term when m=2, 
a=0.05, cp=0.5 . . . . . . . . .. . .. ... .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . .  223 
37 Error probability ofBLR intervals for the slope term when m=2, 
a=0.05, cp=O .l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
38 Error probability ofBLR intervals for the slope term when m=2, 
a=0.05, cp=0.5 . . . . . .. . . . . . . .  . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  224 
39 Error probability of SLR intervals for the intercept term when m=2, 
a=0.05, cp=O.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  225 
40 Error probability of SLR intervals for the intercept term when m=2, 
a=0.05, cp=0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  225 
41 Error probability of SLR intervals for the slope term when m=2, 
a=0.05, cp=O .l . . . . . . . . . . . . . .  . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  226 
42 Error probability of SLR intervals for the slope term when m=2, 
a=0.05, cp=0.5 .. . .. . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  226 
xvii 
Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirements for the degree of Doctor of Philosophy. 
LIKELIHOOD INFERENCE IN PARALLEL SYSTEMS REG RESSION 
MODELS WITH CENSORED DATA 
by 
AYMAN S. M. BAKLIZI 
1 997 
Chairman : Assoc. Prof. Dr . Isa Daud 
Faculty : Science and Environmental Studies 
The work in this thesis is concerned with the investigation of the finite 
sample performance of asymptotic inference procedures based on the likelihood 
function when applied to the regression model based on parallel systems with 
censored data. The study includes investigating the adequacy of these inferential 
procedures as well as investigating the relative performances of asymptotically 
equivalent likelihood-based statistics in small samples. 
The maximum likelihood estimator of the parameters of this model is not 
available in closed form. Thus, its actual sampling distribution is intractable. A 
simulation study is conducted to investigate the bias, the finite sample variance, the 
asymptotic variance obtained from the inverse of the observed Fisher information 
matrix, the adequacy of this approximate asymptotic variance, and the mean squared 
XVlll 
error of the maximum likelihood estimator of the parameters of the regression 
model under consideration. 
Exact hypotheses testing procedures for the model are intractable. Three 
standard large sample statistics based on the maximum likelihood estimator were 
considered. They are the Wald, the Rao, and the likelihood ratio statistics. Their 
performances in finite samples in terms of their sizes and powers are investigated and 
compared. Confidence intervals based on inverting these statistics were studied. 
Here again their performances in terms of the attainment of the nominal error 
probability and symmetry of lower and upper probabilities were investigated and 
compared. 
The convergence of the likelihood ratio statistic to its approximating chi­
squared may be improved by adjusting for a Bartlett correction factor. An alternative 
approach often adopted is to adjust the signed square root of the likelihood ratio 
statistic by the mean and variance correction. The performances of the intervals 
obtained from these corrections are investigated and compared. Situations under 
which the corrections appear to improve the quality of confidence intervals based on 
the likelihood ratio statistic were explained and identified. 
The main findings of the simulation studies concerning likelihood inference 
procedures for the intercept and the slope parameters of the regression model based 
on parallel systems in the presence of censoring are as follows 
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The variance estimates obtained from the inverse of the observed Fisher 
information matrix appear to be highly accurate. Estimates of the slope 
are nearly unbiased, while estimates of the intercept tend to be slightly 
biased for small to moderate sample size. 
For the hypotheses testing problem, the likelihood ratio statistic appears to 
perform better than the Wald and the Rao statistics. 
Interval estimates for the intercept term based on the Rao and the Wald 
statistic are highly asymmetric and tend to be slightly anti conservative, while 
intervals based on the likelihood ratio statistic are in general symmetric and 
attain the nominal error probability. For the slope term, all intervals tend to 
be symmetric for moderate to large sample size. 
The likelihood ratio statistic appear to be more suitable for one sided interval 
estimation and one sided hypotheses testing. 
For small sample size and high censorship level, confidence intervals based 
on the mean and variance correction to the signed square root of the likelihood 
ratio statistic appear to give accurate results; thus improving the performance 
of the likelihood ratio statistic. 
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INFERENS KEBOLEHJADIAN DALAM MODEL REGRESI 
BERSISTEM SELARI DENGAN DATA TERTAPIS 
oleh 
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Fakulti : Pengajian Sains dan Alam Sekitar 
Kajian di dalam tesis ini merupakan penyelidikan ke atas per laksanaan 
sampel terhingga menggunakan prosedur inferens asimptot yang berdasarkan fungsi 
kebolehjadian apabila ia dilaksanakan ke atas model regresi yang berlandaskan 
sistem selari dengan data tertapis. Penyelidikan merangkumi kaj ian ke atas sifat 
kecukupan prosedur inferens dan sekaligus mengkaji perlakuan relatif bagi statistik-
statistik kebolehjadian yang setara menggunakan sampel yang kecil. 
Penganggar kebolehjadian maksimum bagi parameter model ini tidak boleh 
diperolehi secara tertutup. Oleh itu taburan pensampelan yang sebenarnya tidak boleh 
disingkap kembali. Kajian simulasi diperlukan untuk menjalankan dan menyelidiki 
kepincangan, varians bagi sampel terhingga, var ians berasimptot yang dibina dari 
matriks informasi Fisher tercerap, kecukupan bagi hampiran varians berasimptot dan 
min ralat kuasa dua bagi penganggar parameter kebolehjadian maksimum dalam 
model regresi yang dipertimbangkan. 
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Prosedur uj ian hipotesis yang tepat bagi model ini juga tidak boleh di singkap 
kembali. Lantas tiga statistik yang piawai bagi sampel besar yang berdasarkan 
penganggar kebolehjadian maksimum dipertimbangkan. Statistik-statistik yang 
berkenaan ialah statistik Wald, Rao dan nisbah kebolehjadian. Perlakuan statistik ini 
dalam sampel terhingga dibandingkan dari aspek saiz dan kuasa ujian. Selang 
keyakinan berdasarkan pendekatan songsangan statistik ini dikaj i  selidik. Juga 
Perlakuan statistik-statistik ini diselidiki dan dibanding dari segi pencapaian ralat 
kebarangkalian yang nominal dan kebarangkalian sebelah bawah dan atas yang 
simetri . 
Penumpuan statistik nisbah kebolehjadian kepada hampiran khi-kuasa dua 
boleh diperbaiki dengan melakukan penyuaian kepada faktor pembetulan Bartlett. 
Satu pendekatan alternatif yang lazim diambil pakai ial ah  sesuaikan kuasa dua 
statistik nisbah kebolehjadian terhadap min dan pembetulan kepada varians. 
Perlakuan selang-selang yang dibina dari pembetulan ini diselidik dan dibanding. 
Keadaan dimana pembetulan menunjukkan peningkatan kualiti selang keyakinan 
berlandaskan statistik nisbah kebolehjadian dikenal pasti dan dikupas selanjutnya. 
Penemuan utama yang diperolehi dari kajian simulasi berhubung dengan 
prosedur inferens kebolehjadian bagi parameter pintasan dan kecerunan dalam model 
regresi yang berdasarkan sistem selari dengan kehadiran tapisan adalah seperti 
berikut:-
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Anggaran kepada varians yang diperolehi dari songsangan matriks informasi 
Fisher menunjukkan ketepatan yang sangat tinggi. Anggaran bagi parameter 
kecerunan hampir saksama manakala anggaran bagi parameter pintasan cenderung 
kepada kepincangan bagi saiz sampel yang kecil dan sederhana. 
Bagi pemasalahan UJlan hipotesis, statistik nisbah kebolehjadian 
memperlihatkan perlaksanaan yang lebih baik dari statistik Wald dan Rao. 
Anggaran selang bagi parameter pintasan berdasarkan statistik Rao dan Wald 
memperlihatkan sifat tak simetri yang tinggi dan antikonservatif secara tidak 
keterlaluan. Selang-selang yang berdasarkan statistik nisbah kebolehjadian pada 
umumnya simetri dan mencapai ralat kebarangkalian yang nominal . Bagi parameter 
kecerunan pula, kesemua selang yang dibina menunjukkan kecenderungan ke arah 
simetri bagi saiz sampel yang sederhana dan besar . 
Statistik nisbah kebolehjadian memberikan gambaran yang ianya adalah 
sesuai bagi anggaran selang satu hujung dan ujian hipotesis satu hujung. 
Bagi saiz sampel yang kecil dengan aras tapisan yang tinggi, selang 
keyakinan yang dibina berdasarkan min dan pembetulan varians kepada punca 
kuasadua bertanda dari statistik nisbah kebolehjadian memberikan keputusan yang 
tepat lantas memperbaiki perlaksanaan statistik nisbah kebolehjadian ini. 
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CHAPTER I 
INTRODUCTION 
General Overview 
The general purpose of statistical theory is to analyze the performance of 
statistical procedures, and to provide methods for the construction of optimal ones. 
Exact statistical theory meets these requirements in only rather special cases. In the 
majority of problems, either it provides a solution which is rather complicated, or an 
exact solution is not available at all. As an example, the sample mean is an unbiased 
estimator for the population mean for any distribution with finite population mean, 
but the exact sampling distribution of the sample mean, although known in principle, 
will be in an explicit usable form only for special distributions such as the normal or 
gamma. A second example arises in fairly complicated bayesian analyses, whenever 
the posterior distribution of the parameter of interest has to be obtained by high 
dimensional numerical integration. Other examples occur in survival and accelerated 
testing models, where the presence of censoring make it difficult or even impossible 
to work out exact solutions. 
In such cases, it is necessary to rely on approximate solutions, approximate 
evalu?-tion of performance, and methods for the construction of approximately 
optimal procedures.  The so - called asymptotic theory is usually employed to handle 
